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(54) APPARATUS AND METHOD FOR PRODUCING CARBON STRUCTURES 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an apparatus 
and a method for producing carbon structures being able 
to synthesize industrially and efficiently the carbon 
structures such as a high purity fullerene. a high purity 
carbon nanotube and the like from an amorphous carbon 
or a graphite particle or the like at low cost. 
SOLUTION: The apparatus for producing carbon 
structures is equipped with at least two electrodes 11,12 
where their tips are opposite each other and a power 
source 18 which supplies voltage between the 
electrodes 11, 12 to generate discharge plasma at a 
discharging area between the electrodes 11, 12. 
Furthermore, the apparatus is equipped with magnetic 
ifield generating means 20-23 where a magnetic field 
having magnetic lines to multiple directions or a parallel component to a progressing direction 
of discharging current can be formed. The method for producing carbon structures comprises * 
using the above operation. 
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* NOTICES ♦ 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the manufacturing installation 
and the manufacture method for manufacturing the carbon structures, such as a carbon nanotube and 

fullerene. 
[0002] 

[Description of the Prior Art] The carbon nanotube discovered in the fullerene which makes 
representation C60 discovered in 1985, or 1991 attracts attention as an allotrope of different new carbon 
from graphite, amorphous carbon, and a diamond, in order that the carbon matter till then may show 
different unique electronic physical properties. 

[0003] For example, the fullerene represented by C60 and C70 has many classes besides them, and 
many carbon atoms are arranged at a spherical basket type, and it constitutes one molecule. Moreover, 
since fullerene is meltable to organic solvents, such as benzene, handling nature is good, and since not 
only the property as a superconductor or a semiconductor but the optical high organic-functions effect is 
" sho\vn, the'application as an electrophotography sensitive material is also considered. Furthermore, an 
element of a different kind is doped inside fullerene, or the effective physical properties as high- 
performance material are discovered by giving various chemistry functional groups outside. 
[0004] On the other hand, like fullerene, it is the new material which used only carbon as the 
configuration element, having a function as the optical organic-functions effect, a semiconductor 
material, etc. is discovered, and an activity in each field of electronic industry is desired by the carbon 
nanotube. Especially a carbon nanotube is that the method (chirality) of atomic arrangement changes 
slightly, and since it can become a semiconductor and a conductor, its expectation as the low dimension 
electric conduction material and switching element of nano meter size is also high. Moreover, it is 
observed also as the electron source and hydrogen storage material of a field emission mold, and also the 
utilization as a probe of a tunnel electron microscope or an atomic force microscope is tried. 
[0005] Conventionally, it is known that fullerene and a carbon nanotube can be manufactured by the 
rnethod by plasma discharge of the arc discharge which used the resistance heating method and the . 
carbon rod as the raw material, the laser ablation method, the chemical-vapor-deposition method (CVD 
method) using acetylene gas, etc. However, by methods, such as arc discharge and laser ablation, about 
the detailed mechanism by which fullerene and a carbon nanotube are generated, there are various 
arguments and the interpretation even with current [ unific ] is not made. 

[0006] About manufacture of fullerene or a carbon nanotube, various methods have been examined for 
the purpose of large quantity composition. The resistance heating method devised in the first stage was a 
method of heating graphite and evaporating it, by contacting the head of two graphite in rare gas, and 
making the current of several 1 OA to hundreds A energize. However, since it is very difficult to obtain 
the sample of a gram unit by this method, in current, it is hardly used. 

[0007] An arc discharge method is what a graphite rod etc. is used for cathode and an anode plate, and 
causes arc discharge in rare gas, such as helium and Ar, and is the method of compounding fiillerene and 
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a. carbon nanotube. By the arc plasma by arc discharge, temperature rises to about 4000 degrees C or 
more, and, as for an anode plate point, the point of an anode plate generates evaporation and a lot of 
carbon radicals. This carbon radical serves as soot containing fullerene or a carbon nanotube, and 
deposits on the wall of cathode or equipment. If nickel compound, an iron compound, etc. are included 
in an anode plate, it can act as a catalyst and the carbon nanotube of a single wall can be produced 
efficiently. 

[0008] The laser ablation method is a method of irradiating a pulse laser like an YAG laser at graphite, 
generating the plasma on a graphite front face, and producing fullerene and a carbon nanotube. The 
feature of this method is that fullerene and a carbon nanotube with comparatively high purity are 
obtained compared with the describing [ above ] arc discharge method. 

[0009] By the chemical-vapor-deposition method, the fiiUerene and the carbon nanotube of a high grade 
can be manufactured by the chemical decomposition reaction of material gas, using acetylene gas and 
methane as a raw material. Recently, the chemical treatment of the fluorine compound is carried out, and 
the method of manufacturing a carbon nanotube efficiently by electron beam irradiation etc. is also 
discovered. 

[0010] In ah arc discharge method, the temperature at the head of a graphite rod rises to about 4000 
degrees C, and a carbon radical, carbon ion, and a neutral particle are emitted so much because the 
electron which exists so much in an arc plasma, and ion will collide with the graphite rod by the side of 
an anode plate if a graphite rod is used as an electrode. These are considered that it adheres to cathode or 
a chamber (wall of equipment), or a carbon nanotube is generated in the process which carries out the 
reattachment to an anode plate side. However, in an arc plasma, by the collision with the ion and 
electron which were excited, since the complicated chemical reaction has occurred variously, it is 
difficult to control the amount and kinetic energy of carbon ion to stability, and with fullerene and a 
carbon nanotube, a lot of amorphous carbon particles and graphite particles will generate 
simultaneously, and will become those intermingled soot. 

[001 1] Therefore, when it is going to use fullerene and a carbon nanotube industrially, purification 
.separation of.fullerene.or-axarbon nanotubejs.needed. .Sinc.e„esp.e.cially.a,c.^^^ 
into a solvent, about the purification, technique, such as a centrifuge method, an oxidation style, 
ultrafiltration, and an electrophoresis method, is proposed. However, since the physical property and 
chemical property of amorphous carbon, a graphite particle, and ** used as a carbon nanotube and an 
impurity are ahnost equal, the separation purification method which removes an impurity thoroughly is 
not established. Moreover, in order to pass through many purification processes, in the purification 
process, yield falls extremely or there is a problem of alkali metal etc. and the organic substance mixing, 
with the surfactant used for reverse as a dispersant. In order to solve this technical problem, in the 
synthetic phase of a carbon nanotube, to compound the carbon nanotube with which the high grade 
possible carbon nanotube, i.e., a graphite particle, amorphous carbon, etc., is not intermingled is desired. 

[0012] As mentioned above, although graphite is used as an electrode in case fullerene and a carbon 
nanotube are produced by the arc discharge method, by arc discharge, this electrode serves as an arc 
plasma containing radicals, such as C+, C, and C2, evaporates, and serves as the source of fullerene or a 
carbon nanotube. However, it is also the source of a graphite particle or amorphous carbon 
simultaneously. The details do not understand on what kind of conditions the arc plasma containing 
radicals, such as C+, C, and C2, becomes a graphite particle, amorphous carbon and fullerene, and a 
carbon nanotube at the time of cathode deposition. The trouble of high-grade-izing [ in / carbon 
nanotube / with which high grade-ization is desired the following / the former ] is described. 
[0013] The example for which, as for composition of the high grade carbon nanotube in an arc discharge 
method, Joumet and others compounded the single wall carbon nanotube vyhich is about 80% of purity 
is reported (C. Joumet et.al, Nature Vol.388, p.756-758). However, still as purity, it is not enough and 
carbon nanotube composition of higher purity is desired. 

[0014] As for the laser ablation method, high grade-ized composition of a single wall carbon nanotube is 
reported (A. Thess et.al. Nature Vol.273, p.483-487). However, by the laser ablation method, only a 
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little carbon nanotube is obtained, but effectiveness is bad and leads to high cost-ization of a carbon 
nanotube. Moreover, as purity, it has only been about 70 90%, and it cannot be said that it is high 

enough. 

[0015] Since it is dependent on the chemical reaction which occurs in pyrolysis processes, such as 
methane used as a raw material, in a chemical-vapor-deposition method, it is possible to manufacture a 
nanotube with high purity. However, by the chemical-vapor-deposition method, the growth rate of a 
carbon nanotube is very low, effectiveness is bad, and industrial utilization is difficult. Moreover, as 
compared, with that by which the structure of the manufactured nanotube was compounded by the arc 
discharge method or the laser ablation method, there are many defects etc. and they are imperfect. 
[0016] 

[Problem(s) to be Solved by the Invention] Therefore, let it be a technical problem for this mvention to 
solve the trouble of the above-mentioned Prior art. It aims at specifically offering the manufacturing 
installation and the manufacture method of the carbon structure which can compound industrially the 
carbon structures, such as fiillerene of a high grade with low high impurity concentration, such as 
amorphous carbon and a graphite particle, and a carbon nanotube, by low cost efficiently. 
[0017] ' 

[Means for Solving the Problem] Generally, if discharge plasma is produced all over a magnetic field, 
by interaction of discharge plasma and a magnetic field, a charged particle will be shut up all over a 
magnetic field, and a mean free path of a charged particle will become long. Therefore, a probability of 
collision of charged particles improves and concentration of a particle without regards to reactions, such 
as a neutral particle, falls. 

[001 8] this invention persons hit on an idea of the carbon structure of a high grade with low high 
impurity concentration, such as amorphous carbon and a graphite particle, being efficiently 
compoundable industrially with low cost by applying this technique to manufacture of the carbon 
strucmres, such as fullerene and a carbon nanotube, to a header and this invention. That is, this invention 
is [0019]. <1> Two electrodes with which the latest section counters at least, and a power supply which 
impresses, voltage to interrelectrode I said J jn.orderJo generate ,dischArge.E.l.a^ to this jnter-dectrojle 
discharge field, A magnetic field which is the manufacturing installation of the preparation ****** 
structure and has line of magnetic force of the many directions at least to a generation field of said 
discharge plasma further, Or it is the manufacturing installation of the carbon structure characterized by 
having a magnetic field generating means to form a magnetic field which has an parallel component to a 
travelling direction of the discharge current. 

[0020] <2> Discharge plasma generated by said discharge field is the manufacturing installation of the 
carbon structure given in <1> characterized by being an arc plasma. 

[0021] <3> It is the manufacturing installation of the carbon structure given in <1> characterized by for 
said magnetic field generating means consisting of two or more permanent magnets and/or 
electromagnets which have been arranged so that said discharge field may be surrounded along a 
travelling direction of said discharge current, and for all these permanent magnets and/or electromagnets 
making the same pole counter said discharge field, and being arranged, or <2>. 
[0022] <4> Said magnetic field generating means consists of four or more permanent magnets and/or 
electromagnets which have been arranged so that said discharge field may be. surrounded along a 
travelling direction of said discharge current, and an adjacent permanent magnet and/or an adjacent 
electromagnet are the manufacturing installation of the carbon structure given in <1> characterized by 
making a different pole by turns counter said discharge field, and being arranged, or <2>. [ even ] 
[0023] <5> It is the manufacturing installation of the carbon structure given in <1> characterized by said 
magnetic field generating means consisting of one or two coils which make a travelling direction of said 
discharge current an abbreviation medial axis, or <2>. 

[0024] <6> Flux density in the latest section iedge of an electrode made to generate discharge plasma 
between said two electrodes which counters is the manufacturing installation of the carbon structure 
given in any 1 of <1>- <5> characterized by being less than [ more than 10-5T1T ]. 
[0025] <7> Discharge current density at the time of discharge plasma production is the manufacturing 
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installation of the carbon structure given in any 1 of <1>- <6> characterized by being less than [ more 
than 0,05A/mm215A/mm2 ] to the latest aspect product of an electrode which generates discharge 
plasma. 

[0026] <8> Voltage impressed to said electrode according to said power supply is the manufactunng 
installation of the carbon structure given in any 1 of <1>- <7> characterized by being less than [ more 
thanlV30V]. 

[0027] <9> Voltage impressed to said electrode according to said power supply is the manufacturing 
installation of the carbon structure given in any 1 of <1>- <8> characterized by being direct current 
voltage. 

[0028] <10> The latest aspect product of cathode is the manufacturing installation of the carbon 
structure given in <9> characterized by being below the latest aspect product of an anode plate between 
said two electrodes which counters. 

[0029] <1 1> It is the manufacturing installation of the carbon structure given in any 1 of <1>- <10> 
characterized by coming to hold said discharge field and said electrode in a well-closed container at 
least. 

[0030] <12> It is the manufacturing installation of the carbon structure given in <1 1> characterized by 
coming to have a controlled atmosphere means by which a pressure and/or a type of gas of an ambient 
atmosphere in said weU-closed container can be adjusted. 

[0031] <13> Construction material of said electrode is the manufacturing installation of the carbon 
structure with the electrical resistivity given in any 1 of 0.01 or more ohm-cm of matter of 10 or less 
ohm-cm, and <1>- <12> which comes out and is characterized by a certain thing, including carbon or 
carbon. 

[0032] <14> It is the manufacture method of the carbon structure which said iriter-electrode discharge 
field is made to generate discharge plasma, and manufactures the carbon structure by impressing voltage 
to inter-eiectrode [ which the latest section counters / two ], and is the manufacture method of the carbon 
structure characterized by to form in a generation field of said discharge plasma at least a magnetic field 
. which has.line of magnetic, force of the many directions, or a magnetic fi eld which has an parallel . . 
component to a travelling direction of the discharge current. 

[0033] <15> Discharge plasma generated by said discharge field is the manufacture niethod of the 
carbon structure given in <1 4> characterized by being an arc plasma. 

[0034} <16> As said discharge field is surrounded along a travelling direction of said discharge current, 
it is the manufacture method of the carbon structure given in <14> characterized by forming said 
magnetic field because all make the same pole counter said discharge field and arrange two or more 
permanent magnets and/or electromagnets, or <1 5>. 

[0035] <17> As said discharge field is surrounded along a travelling direction of said discharge current, 
it is the manufactiire method of the carbon structure given in <14> characterized by forming said 
magnetic field because adjacent things make a different pole by turns counter said discharge field and 
they arrange two or more permanent magnets and/or electromagnets, or <1 5>. 
[0036] <18> It is the manufacture method of the carbon structure given in <14> characterized by ' 
forming said magnetic field by arranging one or two coils which make a travelling direction of said 
discharge current an abbreviation medial axis, or <1 5>. . . 

[0037] <19> Flux density in the latest section edge of an electrode made to generate.discharge plasma 

between said two electrodes which counters is the manufacture method of the carbon structure given in 

any 1 of <14>- <18> characterized by being less than [ more than 10-5T1T ]. 

[0038] <20> Discharge current density at the time of discharge plasma production is the manufacture 

method of the carbon structure given in any 1 of <14>- <19> characterized by being less than [ more 

than 0.05A/mm215A/mm2 ] to the latest aspect product of an electrode which generates discharge 

plasma. 

[0039] <21> Voltage impressed to said electrode is the manufacture method of the carbon structure 

given in any 1 of <14>- .<20> characterized by being less than [ more than 1 V30V ]. 

[0040] <22> Voltage impressed to said electrode is the manufacture method of the carbon structure 
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given in any 1 of <14>- <21> characterized by being direct current voltage. 
[0041] <23> The latest aspect product of cathode is the manufacture method of the carbon structure 
given in <22> characterized by being below the latest aspect product of an anode plate between said two 
electrodes which counters. 

[0042] <24> It is the manufacture method of the carbon structure given in any 1 of <14>- <23> 

characterized by for construction material of said electrode being matter containing carbon or carbon, 

and the electrical resistivity being below 0.01 or more ohm-cm lOohm and, and cm. 

[0043] <25> A pressure of an ambient atmosphere of said discharge field is the manufacture method of 

the carbon structure given in any 1 of <14>- <24> characterized by 0.01 Pa or more being 510 or less 

kPa. 

[0044] <26> An ambient atmosphere of said discharge field is the manufacture method of the carbon 
structure given in any 1 of <14>- <25> characterized by being a gas ambient atmosphere containing gas 
of at least 1 chosen fi-om air, helium, an argon, a xenon, neon, nitrogen, and hydrogen. 
[0045] <27> It is the manufacture method of the carbon structure given in any 1 of <14>" <26> 
characterized by including gas which consists of carbon-containing meterial further in an ambient 
atmosphere of said discharge field. 

[0046] In addition, in this invention, the carbon structure points out a thing of the carbonaceous structure 
which has the predetermined molecular structure except impurities, such as amorphous carbon and a . 
graphite particle, and, specifically, means a carbon nanotube, fiillerene, and a thing that contains these in 
the structure. 
[0047] 

[Embodiment of the Invention] The details of this invention are explained below. This invention is 
impressing voltage to inter-electrode [ which the latest section counters / two ], makes said inter- . 
electrode discharge field generate the discharge plasma, and is characterized by forming a predetermined 
magnetic field in said discharge field in the manufacturing installation and the manufacture method of 
the carbon structure of manufacturing the carbon structure. Here, a predetermined magnetic field is the 
magnetic field which.has the linc-of magnetic force of the many directions, at. least to. the generation .field . 
of said discharge plasma, or a magnetic field which has an parallel component to the travelling direction 
of the discharge current. 

[Q048] Since the discharge plasma containing radicals, such as C+, C, and C2, is shut up all over a 
magnetic field by generating the discharge plasma all over a predetermined magnetic field, the 
probability of collision of the charged particle in the discharge plasma improves, and what can raise the 
generation effectiveness of the carbon structure now is presumed. Consequently, according to this 
invention, it becomes possible to reduce the amorphous carbon used as an impurity, and a graphite 
particle. 

[0049] Drawing 1 (a) is type section drawing showing an example of the manufacturing installation of 
the carbon structure of this invention, and drawing 1 (b) is an A-A cross section in drav/ing 1 (a). Two 
electrodes with which the manufacturing installation of the carbon structure shown in drawing 1 has 
been arranged in the reaction container (chamber) 10 which is a well-closed container and with vvhich 
the latest section counters (cathode 1 1 and anode plate 12), The mobile 13 which can slide cathode 11 
possible [ adjustment of the gap of cathode 1 1 and an anode plate 12 ], the power supply 18 which 
impresses voltage between cathode 1 1 and an anode plate 12, the vacuum pump 14 which can 
decompress the pressure of the ambient atmosphere in the reaction container 10, the gas bomb 17 which 
holds desired gas, and the introductory pipe 15 which opens between the gas bomb 17-reaction 
containers 10 for fi-ee passage and The controlled atmosphere means which consists of a bulb 19 
whose closing motion of the free passage condition is enabled, since - it is characterized by having 
arranged permanent magnets 20-23 further, to the manufacturing installation of the carbon structure by 
the usual discharge plasma constituted, so that said discharge field may be surrounded along the 
travelling direction of said discharge current. That is, when voltage is impressed between cathode 1 1 and 
an anode plate 12, a predetermined magnetic field is formed with permanent magnets 20-23 to the 
discharge field between the cathode 1 1 which the discharge plasma generates, and an anode plate 12. 
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[0050] As a predetermined magnetic field formed, the perimeter is surrounded with the line of magnetic 
force of the *♦ many directions, the magnetic field space used as a state of obstruction and ** line of 
magnetic force serve as a travelling direction of said discharge current, and abbreviation parallel, and, 
specifically, the magnetic field space which will be in the condition that motion of the charged particle 
in the discharge plasma was regulated by line of magnetic force is mentioned. When four permanent 
magnets are used like this example, the magnetic field of the mode of former ** can be formed, 
[0051] ** The perimeter is surrounded with the line of magnetic force of the many directions, and the 
example of the magnetic field space used as a state of obstruction is shown in drawing 2 . Drawing 2 is 
drawing showing the condition of the line of magnetic force at the time of defining a magnetic pole 
about the permanent magnets 20-23 in drawing 1 (b), and the south pole and the void section show [ the 
black painting section ] N pole in each permanent magnets 20-23. Line of magnetic force is shown by. 
the curve of a continuous line. In addition, no.modes the line of magnetic force shown in drawing 2 is 
assumed to be are shown, and only the typical thing is shown. 

[0052] All the permanent magnets 20-23 make the south pole counter said discharge field, and it 
arranges drawing 2 (a). In this case, it repels mutually each other's line of magnetic force emitted 
towards said discharge field fi-om each permanent magnets 20-23, and the field shov^ by A will be in 
the condition of having been surrounded with the line of magnetic force of the many directions. 
[0053] Permanent magnets 21 and 23 make N pole the south pole counter said discharge field, 
respectively, and permanent magnets 20 and 22 arrange drawing 2 (b). That is, an adjacent permanent 
magnet makes a different pole by turns counter said discharge field, and is arranged. In this case, the 
field which it converges the line of magnetic force emitted towards said discharge field fi-om each 
permanent magnets 20-23 on an adjacent permanent magnet, and is shown by A will be in the condition 
of having been surrounded with the line of magnetic force of the many directions. 
[0054] As mentioned above, if the magnetic field of the many directions acts on the field which is . 
shown by A according to the mode shown in drawing 2 (a) and drawing 2 (b) and the discharge plasma 
is generated in the field A concerned, motion of the charged particle in said discharge plasma will be . 
presumed to be what is regulated in the space between cathode 1 1-anode plate 12. Thus, if the carbon 
structure is manufactured, the carbon structure of a high grade with low high impurity concentration is 
efficiently compoundable by low cost industrially. 

[0055] Formation of the magnetic field of this mode can be formed by using two or more permanent 
magnets, and is not necessarily limited to four pieces. What is necessary is to arrange so that said 
discharge field may be surrounded using three pieces or five flat-surface permanent magnets or more, to 
make both crevices counter and just to arrange in the former "mode in which all the permanent magnets 
make the same pole counter said discharge field, and it arranges it", for example, even if it is two pieces 
when a curved-surface-like permanent magnet is used, moreover, the maximum of the number of a 
permanent magnet - as long as - there is nothing. Furthermore, in drawing 2 (a), although considered as 
the mode which the south pole is made to counter said discharge field, and arranges it, if all are the same 
poles, they do not have a problem, namely, it is good also as making N pole counter said discharge field, 
and arranging it. 

[0056] although it becomes indispensable [ it is indispensable that they are even pieces since an adjacent 
permanent magnet needs to change a pole by turns in the latter "mode in which an adjacent pemianent 
magnet makes a different pole by turns counter said discharge field, and arranges it", and / the number 
of permanent magnets ] since it is necessary to surround said discharge field with line of magnetic force 
that they are four or more pieces - a maximum - as long as - there is nothing. 
[0057] As an example of others of the mode of** of the above and a predetermined magnetic field, the 
mode which generates the discharge plasma in the inner hole of the permanent magnet of a cylindrical 
shape is mentioned, for example. As mentioned above, although the mode of** of a predetermined 
magnetic field was explained using the permanent magnet, even if it is not limited to a permanent 
magnet and it uses an electromagnet, and the both sides of a permanent magnet and an electromagnet are 
used for the magnet to be used, it is not cared about. 

[0058] The mode of** of the predetermined magnetic field formed is explained. ** The example of 
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magnetic field space in which line of magnetic force serves as a travelling direction of said discharge 
current and abbreviation parallel, and motion of the charged particle in the discharge plasma will be in 
the condition of having been regulated by line of magnetic force is shovm in drawing 3 . Drawing. 3 (a) 
is the perspective diagram showing the condition of the line of magnetic force formed when voltage is 
impressed to the coil 26 of the electromagnet 28 which twists a coil 26 around the cylinder object 24, 
and is obtained. Drawing 3 (b) It is the perspective diagram showing the condition of the line of . 
magnetic force formed when voltage is impressed to the coils 26a and 26b which were made to estrange 
the electromagnets 28a and 28b obtained similarly on the same axle, have arranged them, and were 
twisted around each cylinder objects 24a and 24b. Line of magnetic force is shown by the curve of a 
continuous line and a dashed line. In addition, no modes the line of magnetic force shown in drawing 3 
is assumed to be are shown, and only the part is shown only for the typical thing also about each line of 
magnetic force. 

[0059] In the mode of drawing 3 (a), line of magnetic force will be in the condition of penetrating the 
interior of the cylinder object 24. That is, in the cylinder object 24 interior, it is the bunch of the line of 
magnetic force of abbreviation parallel. It is thought that the discharge plasma can be shut up all over a 
magnetic field by making the discharge plasma generate inside the cylinder object 24, and making the 
sense of the line of magnetic force of the cylinder object 24 interior and the travelling direction of said 
discharge current mostly in agreement. 

[0060] the mode of drawing 3 (b) - setting line of magnetic force - the cylinder objects 24a and 24b - 
- while it will be in the condition of penetrating each interior, a synthetic magnetic field is formed in 
both gap. a synthetic magnetic field - the cylinder objects 24a and 24b - although the line of magnetic 
force which penetrated each interior goes straight on as it is, the interior of a cylinder object of another 
side is penetrated and some line of magnetic force is leaked very much firom the space between cylinder 
object 24a and 24b, it will be in the condition that one coil is formed. That is, in the space between 
cylinder object 24a and 24b, it is the bunch of the line of magnetic force of abbreviation parallel. It is 
thought that the discharge plasma can be shut up all over a magnetic field by making the discharge 
plasma generate in the space between cylinder object 24a and 24b, and making the sense of the line of 
magnetic force of the space between cylinder object 24a and 24b and the travelling direction of said 
discharge current mostly in agreement. 

[0061] The sense of the line of magnetic force in the space between the cylinder object 24 interior or 
cylinder object 24a, and 24b and the travelling direction of said discharge current do not have the need 
of making it thoroughly in agreement. Even if it does not make it thoroughly in agreement, the magnetic 
field which can shut up thei discharge plasma all over a magnetic field should just be formed. However, 
if both not much large angle is taken, since an electrode may be destroyed fi-om the relation of the 
magnetic field-electric-field-force, it is desirable to consider as the range which is 0 degree - 30 degrees, 
and it is more desirable to consider as the range which is 0 degree - 10 degrees. 

[0062] Moreover, what is necessary is just to be able to shut up the discharge plasma all over a magnetic 
field, even if the travelling direction of said discharge current does not lap wdth the medial axis of said 
magnetic field thoroughly. However, if the discharge plasma is made to generate in the place which was 
far apart from the medial axis of a magnetic field too much, since the rectilinear-propagation nature of 
the discharge plasma will be spoiled, it is desirable for the shaft of the travelling direction of the 
discharge current to come to less than 20% of location to the distance from the medial axis of a magnetic 
field to "cylinder object 24 inner surface" or "extension of cylinder object 24a and 24b inner surface." In 
addition, although the travelling direction of the discharge current originally is not fixed in order that the 
discharge plasma may generate on the basis of the part of the arbitration within the flat surface when the 
electrode latest section is a flat surface, in this invention, it is considered that the line which connects the 
centers of the latest section of two electrodes which counter is the shaft of the travelling direction of the 
discharge current. 

[0063] For example, the mode which generates the discharge plasma in the inner hole of this 
electromagnet is mentioned, using the electromagnet of a toroidal mold as an example of others of the 
mode of ** of the above and a predetermined magnetic field. 
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[0064] As a class of discharge plasma, although an arc plasma, the glow plasma, etc. are mentioned, in 
order to manufacture the carbon. structures, such as fiillerene and a carbon nanotube, efficiently, 
considering as an arc plasma is desirable. Moreover, although fiillerene and a carbon nanotube can be 
selectively manufactured by fcontrolling various conditions, such as a pressure of the ambient 
atmosphere in said well-closed container, the example which mainly manufactures a carbon nanotube is 
explained in the following explanation. 

[0065] Next, the example of manufacture of the carbon struct\xre by the manufacturing installation of the 
carbon structure shown in drav^ing 1 is explained. Although the reaction container (chamber) 10 is a 
well-closed container of a cylindrical shape (it arranges so that both cylindrical bases may come for right 
and left on a drawing) and its stainless steel is desirable as the construction material also in a metal, an 
aluminum alloy, a quartz, etc. are suitable. Moreover, a configuration may not be limited to a cylindrical 
shape, either and a desired configuration is sufficient as a core box etc. Furthermore, in making the 
ambient atmosphere of a discharge field into the ambient atmosphere of atmospheric pressure and air 
and making the carbon structure adhere on the outskirts of the latest section of cathode 1 1 , the reaction 
container 10 is indispensable, and there is, or it does not have the need that the reaction container 10 is a 
well-closed container. [ no ] 

[0066] In the reaction container 10, the cathode 1 1 and the anode plate 12 which are two electrodes with 
which the latest section counters are arranged. When the construction material of the reaction container 

10 has conductivity, such as a metal, at this time, the reaction container 10, cathode 11, and an anode 
plate 12 are fixed in the condition of having been insulated electrically. In addition^ as arrangement of 
two electrodes 1 1 and 1 2, as shown in dravying 1 (ia), both shaft is made in agreement, and a 
predetermined angle is given to the shaft of two electrodes 1 1 and 12, and it does not matter as a 
condition which the latest sections are made to approach except that it considers as the condition of 
having countered thoroughly. When "the lates t section counters" in this invention is said, it considers as 
the concq>t which contains also in this latter. Ut course, it is aesiraoie lo consider as the mode of ihe 
former shown in drawing 1 (aV 

[0067] Arrangement of electrodes 1 1 and 12 can realize discharge of arc discharge with stable making it 
the opposed face of cathode 1 1 and an anode plate 12 become parallel etc., and that of composition of 
the efficient carbon structure is possible. As construction material of two electrodes i 1 and 12, although 
carbon is desirable, if the electrical resistivity is the 0.01 or more ohm-cm matter of 10 or less (0.01 or 
more ohm-cm 1 or less ohm-cm [ Preferably ]) ohm-cm, it can use suitably, including carbon. 
[0068] A cylindrical shape is desirable, although it is not restricted and a cylindrical shape, an 
rectangular pipe fonti, and ************ are mentioned especially as a configuration of two electrodes 

1 1 and 12. Moreover, especially as a diameter (when the latest section is circular and there is, it is the 
projected area diameter of the same area) of the latest section of two electrodes 1 1 and 12, although not 
restricted, 1mm or more 100mm or less is desirable. [ no ) 

[0069] It is desirable for the latest aspect product of cathode 11 to be below the latest aspect product of 
an anode plate 12 between two electrodes 1 1 and 12 which counter. By making the latest aspect product 
of cathode 1 1 below into the latest aspect product of an anode plate 12, the purity of the carbon structure 
obtained improves further. As both surface ratio (the latest aspect product of the latest aspect product / 
anode plate 12 of cathode 1 1), being referred to as 0.1-0.9 is desirable, and being referred to as 0.2-0.5 is 
more desirable. 

[0070] In order to stabilize discharge, it is also desirable to carry out water cooling of the electrodes 1 1 
and 12, and to suppress lifting of electrode temperature. It is desirable to use a metal with high thermal 
conductivity, especially copper for the supporter (un-illustrating) of electrodes 1 1 and 12 to carry out 
water cooling of the electrodes 11 and 12. 

[0071] The ambient atmosphere.in the reaction container 10 is made into the condition of a request of 
the ambient atmosphere of a discharge field by adjusting suitably with the controlled atmosphere means 
which consists of a vacuum pump 14, a gas bomb 17, an introductory pipe 1 5, and a bulb 19. After 
being able to decompress or pressurize the inside of the reaction container 10 with a vacuum pump 14 
and specifically decompressing the inside of the reaction container 10 with a vacuum pump 14, a bulb 
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19 can be opened and it can consider as a desired gas ambient atmosphere by sending in in the reaction 
container 10 through the introductory pipe 1 5 from the gas bomb 17 which holds desired gas. Of course, 
to consider as the ambient atmosphere of atmospheric pressure and air, this controlled atmosphere 
actuation is not required. 

[0072] As a vacuum pump 14, a rotary pump, a diffusion pump, or a turbo molecular pump is 
mentioned. 

[0073] The ambient atmosphere in the reaction container 10 (namely, ambient atmosphere of a discharge 
field.) the following - the same ; As a pressure, although what is necessary is just 510 or less kPa 
O.OlPa or more, it is desirable that it is [ O.lPa or more ] 105 or less kPa, and it is more desirable that it 
is [ 1 3Pa or more ] 70 or less kPa, This pressure, then the carbon nanotube of a high grade can be 
manufactured. Moreover, if a pressure lower than the above-mentioned pressure range is chosen, the 
ftillerene of a high grade is generable. 

[0074] Although especially the controlled atmosphere in the reaction container 10 is not restricted, air, 
helium, an argon, a xenon, neon, nitrogen and hydrogen, or these mixed gas is desirable. What is 
necessary is to exhaust the reaction container 10 interior with a vacuum pump 14, and just to introduce 
gas after that from the gas bomb 17 which holds desired gas to a predetermined pressure, in introducing 
desired gas. 

[0075] In this invention, the gas which consists of carbon-containing meterial further into the ambient 
atmosphere in the reaction container 10 can also be included. In this case, it is good also as an ambient 
atmosphere of only the gas which consists of carbon-containing meterial, and the gas which consists of 
carbon-containing meterial may be introduced into [ above-mentioned various ] a gas ambient 
atmosphere. By including the gas which consists of carbon-containing meterial in an ambient 
atmosphere, the carbon structure of unique structure which is manufactured in the below-mentioned 
example 5 can be manufactured. This carbon structure makes a carbon nanotube a medial axis, and the 
carbonaceous structure grows up to be the surroundings, 

[0076] As usable carbon-containing meterial, although not limited, inorganic substance [, such as 
ketones; petroleum;. gasoline; carbon monoxides /, such as an alcohols; acetone, /, such as hydrocarbons; 
ethanol such as ethane, methane a propane and a hexane, a methanol, and propanol, and a carbon 
dioxide, ]; etc. is mentioned, and an acetone, ethanol, and a hexane are desirable especially. 
[0077] If magnetism may be produced, anythings can use the permanent magnets 20-23 as a magnetic 
field generating means. It may replace with a permanent magnet like previous stiatement, and an 
electromagnet may be used. The configuration shown in drawing 2 and drawing 3 like previous 
statement as a predetermined magnetic field to form is mentioned. In the equipment qf drav^ng 1 , two 
kinds of magnetic fields, (a) of drawing 2 and (b), can be chosen. 

[0078] moreover, the inside of line of magnetic force [ in / on the predetermined magnetic field to form 
and / said discharge field ] - the shaft (namely, an electrode 1 1, the travelling direction of the discharge 
current formed among 12) of electrodes 1 1 and 12, and abbreviation ~ when that more parallel 
components are included manufactures a carbon nanotube, it can obtain what has high purity and is 
desirable. That is, if it says by drawing 2 , the magnetic field shown in (a) is more desirable than (b). In 
this example, it considered as arrangement of drawing 2 (a). 

[0079] The discharge plasma is made to generate between two electrodes 1 1 and 12 in the 
manufacturing installation of the carbon structure of drawing 1 to which conditions were set as 
mentioned above by impressing voltage between an electrode 1 1 and 12 according to a power supply 18. 
When performing arc discharge, contact arc processing may be performed in advance of arc discharge. 
After contact arc processing contacts an electrode 1 1 and 12 comrades and impresses voltage, electrodes 
1 1 and 12 are detached to a fixed inter-electrode distance with a mobile 13, and the processing which 
generates the discharge plasma is said. By this processing, the stable discharge plasma is acquired ease 
and promptly. 

[0080] Although a direct current or an alternating current is sufficient as an electrode 1 1 and the voltage 
impressed among 12, when much more improvement in purity of the carbon structure obtained is 
desired, its direct current is more desirable. In addition, in impressing an altemating current, there is no 
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• 

distinction of an anode plate and cathode in electrodes 1 1 and 12. 

[0081] It is desirable that the discharge current density at the time of discharge plasma production is less 
than [ more than 0.05A/mm215Aynim2 ] to the latest aspect product of an electrode which generates the 
discharge plasma, and it is more desirable that it is less than [ more than 1 Aymm25A/mm2 ]. Here, "the . 
electrode made to generate the discharge plasma" points out an electrode with the latest smaller aspect 
product, when the voltage which points out and impresses cathode when the voltage to impress is a 
direct current is an alternating current (the same about other conventions [ Setting to this invention. ].)• 
[0082] As voltage impressed to electrodes 1 1 and 12 according to a power supply 18, it is desirable that 
it is less than [ more than 1 V30V ], and it is more desirable that it is less than [ more than 15V25V ]. 
Since the point of an electrode 12 is consumed, an electrode 1 1 and the distance between 12 change with 
discharge during discharge. It is desirable by adjusting suitably change of such an electrode 1 1 and the 
distance between 12 with a mobile 13 to control so that an electrode 1 1 and the voltage between 12 
become fixed. 

[0083] As impression time amount of voltage, it is desirable that 180 or less seconds takes 3 seconds or 
more, and it is more desirable that 60 or less seconds takes 5 seconds or more. Applied voltage is not 
stabilized in less than 3 seconds, and if the purity of the carbon structure obtained may fall and 180 
seconds is exceeded, the magnetic field intensity of permanent magnets 20-23 falls with the radiant heat • 
of the discharge plasma, or since it may disappear, it is not desirable respectively. 
[0084] In the latest section edge of the electrode made to generate the discharge plasma as flux density 
in a predetermined magnetic field between two electrodes 1 1 and 12 which counter, it is desirable that it 
is less than [ more than 10-5T1T ]. If it is difficult for flux density to form an effective magnetic field 
less than [ 10-5T ] and it exceeds IT, since it may become difficult to make the permanent magnets 20- 
23 made to generate a magnetic field approach the interior of equipment to the generation field of the 
discharge plasma, and to arrange, it is riot desirable respectively. As this flux density, by considering as 
less than [ more than 10-4T10-2T ], since stable discharge breaks out, the carbon structure (especially 
carbon nanotube) is efficiently generable, 

[0085] If the discharge plasma is made to generate between an electrode 11 and 12 as mentioned above, 
carbon will secede fi-om electrode 11 fi-ont face, this will react, and the carbon structures, such as 
fullerene and a carbon nanotube, will be generated. The produced carbon structure is deposited on the 
latest section fi-ont face of cathode 1 1 or its circumference, and a pari at reaction container 10 wall. 
[0086] About the carbon nanotube deposited on the latest section front face of cathode 1 1 at drawing 4 , 
the cross-section photography photograph observed with the scanning electron microscope is shown 
(one 5000 times the scale factor of this). This cross-section photography photograph photos the cross . 
section in the surface photography photograph ( drawing 5 ) taken in the below-mentioned example 1 . In 
addition, some errors have produced the scale factor of a photograph with the degree of the enlargement 
of a photograph (setting in various scanning electron microscope photographs hereafter the same). In the 
photograph of drawing 4 , the bottom is the latest section (outside of a photography screen) of cathode 
11, and the sediment which contains a carbon nanotube upward has accumulated. In the photograph of 
drawing 4 , the carbon nanotube is reflected to the thin line. 

[0087] The carbon nanotube obtained by the manufacturing installation thru/or the manufacture method 
of the carbon structure of this invention is concentrated near the maximum surface so that it may 
understand with the photograph of drawing 4 . The massive bodies which appear under the carbon 
nanotube near the maximum surface are imagined to be impurities, such as amorphous carbon. 
Therefore, what is necessary is just to grind the carbon nanotube near the maximum surface physically, 
in order to obtain the carbon nanotube of a high grade eventually. 

[0088] The carbon structure of a high grade can be manufactured extremely, using plasma discharge 
irradiation, such as low cost manufacture easily and arc discharge, as mentioned above according to this 
invention. When obtaining especially a carbon nanotube, the purity can be made into 95% or more of 
thing according to conditions. 
[0089] 

[Example] Hereafter, although an example explains this invention concretely, this invention is not 
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restricted to these examples. 

(Example 1) In the example 1, the carbon nanotube was manufactured using the manufacturing 
installation of the carbon structure shown in drawing 1 . The conditions of each concrete configuration 
are as follows. 

[0090] - Reaction container 10: Cylinder container chamber made from stainless steel. The diameter of 
210mm, a length of 380nmi. 

- Cathode 1 1 : Cylindrical shape graphite rod with an outer diameter of 5mm (99.9% or more of purity) * 

- Anode plate 1 2: Cylindrical shape graphite rod with an outer diameter of 1 5mm (99.9% or more of 
purity) 

- Mobile 13: What made cathode 1 1 possible movable with the stepping motor. Moreover, it adjusts so 
that an electrode 1 1 and 12 distance may be kept constant at the time of plasma discharge. 

- Power supply 18: The power supply and permanent magnets 20-23 for welding: 8mm in 100mm long, 
lOOnmi wide, and thickness and four permanent magnets made from a ferrite are arranged as shown in 
drawing 2 (a). The minimum distance of the permanent magnets which counter is 108mm. The flux 
density in the latest section edge of cathode 1 1 is 7mT(s). 

[0091] The carbon nanotube was manufactured using the above manufacturing installation. The inside of 
the reaction container 10 was not decompressed, but operated it with the air of 101.325kPa (one 
atmospheric pressure). In order to perform arc discharge between an electrode 1 1 and 12, contact arc . 
processing was performed and between an electrode 1 1 and 12 was detached 0.5mm - about 3mm after 
discharge starting in the beginning. Voltage impressed according to the power supply 1 8 was made into 
the direct current voltage of 18V. Under the above conditions, arc discharge was performed for about 1 
minute. The current value was 40A and the discharge current density to the; latest aspect product of 
cathode 1 1 was 2.0A/mm2. 

[0092] Cathode 1 1 was observed by ejection after discharge, and the latest section of the was observed 
with the scanning electron microscope. The Hitachi scanning electron microscope S-4500 was used for 
scanning electron microscope observation (setting to other scanning electron microscope observation the 
same). By scanning electron microscope observation, the carbon nanotube of a high grade was 
generating to the abbreviation 3mmx3nmi very large field. 

[0093] The scanning electron microscope photography photograph of the field which the above- 
mentioned carbon nanotube is generating in the latest section front face of cathode 1 1 is shown in 
drawing 5 (one 20000 times the scale factor of this). The carbon nanotube manufactured by this 
invention has very few contents of an impurity, and the scanning electron microscope photography 
photograph of drawing 5 shows that it is a high grade very much. The scanning electron microscope 
photography photograph of drawing 5 showed that it was 99% or more, when the purity was estimated. 
In addition, the cross-section photography photograph at this time is as being shown in drawing 4 like 
previous statement. 

[0094] (Example 1 of a comparison) In the example 1, permanent magnets 20-23 have not been 
arranged, but except having not formed a magnetic field, it discharged on the same conditions with the 
example 1 , using the same equipment for all, and the carbon nanotube was manufactured. 
[0095] Like the example 1 after discharge, when cathode 1 1 was observed by ejection and the latest 
section of the was observed with the scanning electron microscope, the carbon nanotube was not formed 
extremely locally. 

[0096] The local scanning electron microscope photography photograph of a field in the latest section 
front face of cathode 1 1 which the above-mentioned carbon nanotube is generating is shown in drawing 
6 (one 20000 times the scale factor of this). As the scanning electron microscope photography 
photograph of drawing 6 showed, . it was that in which both impurities have accumulated also in the field 
which the carbon nanotube is generating, and purity and yield are substantially inferior compared with 
an example 1 . 

[0097] (Example 2) In the example 1, except arrangement of permanent magnets 20-23 having been 
shown in drawing 2 (b), it discharged on the same conditions with the example 1, using the same 
equipment for all, and the carbon nanotube was manufactured. At this time, the flux density in the latest 
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section edge of cathode 1 1 was 7mT(s). 

[0098] Like the example 1 after discharge, when cathode 1 1 was observed by ejection and the latest 
section of the was observed with the scanning electron microscope, compared with the example 1, the 
carbon nanotube of a high grade was generating to the field of about 10 micrometer around despite the 
narrow field. 

[0099] The scanning electron microscope photography photograph of the field which the above- 
mentioned carbon nanotube is generating in the latest section front face of cathode 11. is shown in 
drawing 7 (one 20000 times the scale factor of this). In the field which the carbon nanotube is 
generating, there are few contents of an impurity and the scanning electron microscope photography 
photograph of drav^ing 7 shows that it is the carbon nanotube of a high grade. 
[0100] (Example 3) In the example 1, except having decompressed the inside of the reaction container 
10 to 53kPa(s) with the vacuum pump 14, it discharged on the same conditions with the example 1, 
using the same equipment for all, and the carbon nanotube was manufactured. 
[0101] the place which observed cathode 1 1 by ejection and observed the latest section of the with the 
scarming electron microscope like the example 1 after discharge - about 2mm thing around the 
carbon nanotube of a high grade was generating to the large field. 

[01 02] The scanning electron microscope photography photograph of the field which the above- 
mentioned carbon nanotube is generating in the latest section front face of cathode 1 1 is shown in 
drav/ing 8 (one 20000 times the scale factor of this). In the field which the carbon nanotube is 
generating, there are few contents of an impurity and the scanning electron microscope photography 
photograph of drawing 8 shows that it is the carbon nanotube of a high grade. 
[0103] (Example 4) In the example 1 , the air in the reaction container 10 was exhausted with the 
vacuum pump 14, nitrogen was introduced from the gas bomb 17, except having considered as the 
nitrogen-gas-atmosphere mind of pressure 51kPa, it discharged on the same conditions with the example 
1 , using the same equipment for all, and the carbon nanotube was manufactured. 
[0104] the place which observed cathode 1 1 by ejection and observed the latest section of the with the 
scanning electron microscope like the example 1 after discharge - about 2mm thing around - the 
carbon nanotube of a high grade was generating to the large field. 

[0105] The scanning electron microscope photography photograph of the field which the above- 
mentioned carbon nanotube is generating in the latest section front face of cathode 1 1 is shovm in 
drawing 9 (one 20000 times the scale factor of this). In the field which the carbon nanotube is 
generating, there are few contents of an impurity and the scanning electron microscope photography 
photograph of drawing 9 shows that it is the carbon nanotube of a high grade, 
[0106] (Example 5) In the example 1, the air in the reaction container 10 was exhausted with the 
vacuum pump 14, the acetone was introduced from the gas bomb 17, except having considered as the 
acetone ambient atmosphere of pressure 40kPa, it discharged on the same conditions with the example 
1 , using the same equipment for all, and the carbon structure was manufactured. 
[0107] like the example 1 after discharge, when cathode 1 1 was observed by ejection and the latest 
section of the was observed with the scanning electron microscope, the carbon structure of a high grade 
was generating to the very large field of about 3mm around. This carbon structure makes a carbon 
nanotube a medial axis, and the carbonaceous structure grows up to be the surroundings. 
[0108] The scanning electron microscope photography photograph of the field which the above- 
mentioned carbon structure is generating in the latest section front face of cathode 1 1 is shown in 
drawing 10 (one 10000 times the scale factor of this). In the field which the carbon structure is 
generating, there are few contents of an impurity and the scanning electron microscope photography 
photograph of drawing 10 shows that it is the carbon structure of a high grade. . 
[0109] (Example 6) In the example 1, except having arranged two permanent magnets of a cylindrical 
shape similar to the configuration shown in drawing 3 (b) instead of permanent magnets 20-23 on 
electrodes 11 and 12 and the same axle around electrodes 1 1 and 12, respectively, and having formed 
the magnetic field, it discharged on the same conditions with the example 1, using the same equipment 
for all, and the carbon structure was manufactured. At this time, the flux density in the latest section 
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edge of cathode 1 1 was 1 8niT(s). 

[0110] Like the example 1 after discharge, when cathode 1 1 was observed by ejection and the latest 
section of the was observed with the scanning electron microscope, the carbon nanotube of a high grade 
was generating to the 1 .2mmx300micrometer field. 

[0111] The scanning electron microscope photography photograph of the field which the above- 
mentioned carbon nanotube is generating in the latest section front face of cathode 1 1 is shown in 
drawing 1 1 (one 10000 times the scale factor of this). In the field which the carbon nanotube is 
generating, tfiere are few contents of an impurity and the scanning electron microscope photography 
photograph of drawing 11 shows that it is the carbon nanotube of a high grade very much. 
[0112] 

[Effect of the Invention] As explained above, according to this invention, the manufacturing installation 
and the manufacture method of the carbon structure which can compound industrially the carbon 
structures, such as fullerene of a high grade with low high impurity concentration, such as amorphous 
carbon and a graphite particle, and a carbon nanotube, by low cost efficiently can be offered. Although 
the manufacturing installation and the manufacture method of the carbon structure of this invention are 
simple for the configuration, since the effect is very large, industrial usefulness is very high.. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. - 

1 ;This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 11 Drawing 1 is drawing showing an example of the manufacturing installation of the carbon 
structure of this invention, (a) is type section drawing and (b) is an A-A cross section in (a). 
[Drawing 21 Drawing 2 is drawing showing the condition of the line of magnetic force at the time of 
defining a magnetic pole about the permanent magnet in drawing 1 (b), (a) is drawing showing the 
condition that all the permanent magnets 20-23 made the south pole counter said discharge field, and it 
arranged it, and (b) is drawing showing the condition that the adjacent permanent magnet made a 
different pole by turns counter a discharge field, and arranged it. 

[Drawing 3] It is drawing showing the example of the magnetic field space which line of magnetic force 
serves as a travelling direction of said discharge current, and abbreviation parallel, and will be in the 
condition of having regulated motion of the charged particle in the discharge plasma in the direction of 
line of magnetic force, (a) is the perspective diagram showing the condition of the line of magnetic force 
formed when voltage is impressed to the coil of an electromagnet, and is the perspective diagram 
showing the condition of the line of magnetic force formed when (b) makes an electromagnet estrange 
on the same axle, and has arranged it and voltage is impressed to the coil of each electromagnet. 
[Drawing 4] In an example 1, it is the cross-section photography photograph (scale factor: 5000 times) 
observed with the scanning electron microscope about the carbon nanotube deposited on the latest 
section front face of cathode. 

[Drawing 51 In an example 1, it is the scanning electron microscope photography photograph (scale 
factor: 20000 times) of the field which the above-mentioned carbon nanotube is generating in the latest 
section fi'ont face of an electrode. 

[Drawing 6] In the example 1 of a comparison, it is the scanning electron microscope photography 
photograph (scale factor: 20000 times) of the field which the above-mentioned carbon nanotube is 
generating in the latest section fi-ont face of an electrode. 

[Drawing 7] In an example 2, it is the scanning electron microscope photography photograph (scale 
factor: 20000 times) of the field which the above-mentioned carbon nanotube is generating in the latest 
section fi-ont face of an electrode. 

[Drawing 8") In an example 3, it is the scanning electron microscope photography photograph (scale 
factor: 20000 times) of the field which the above-mentioned carbon nanotube is generating in the latest 
section front face of an electrode. 

[Drawing 9] In an example 4, it is the scanning electron microscope photography photograph (scale 
factor: 20000 times) of the field which the above-mentioned carbon nanotube is generating in the latest 
section front face of an electrode. 

[Drawing 101 In an example 5, it is the scanning electron microscope photography photograph (scale 
factor: 10000 times) of the field which the above-mentioned carbon nanotube is generating in the latest 
section front face of an electrode. 

[Drawing 11] In an example 6, it is the scanning electron microscope photography photograph (scale 
factor: 20000 times) of the field which the above-mentioned carbon nanotube is generating in the latest 
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section front face of an electrode. 
[Description of Notations] 

10 Reaction Container 

1 1 Cathode (Electrode) 

12 Anode Plate (Electrode) 

13 Mobile 

14 Vacuum Pump 

15 Introductory Pipe 

17 Gas Bomb 

18 Power Supply 

19 Bulb 

20-23 Pemanent magnet 
24, 24a, 24b Cylinder object 
26, 26a, 26b Coil 
28, 28a, 28b Electromagnet 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] A manufacturing installation of the carbon structure characterized by having a magnetic field 
generating means to be the manufacturing installation of the carbon structure characterized by providing 
the following, and to form in a generation field of said discharge plasma further a magnetic field which . 
has line of msignetic force of the many directions, or a magnetic field which has an parallel component 
to a travelling direction of the discharge current at least Two electrodes with which the latest section 
counters at least A power supply which impresses voltage to inter-electrode [ said ] in order to generate 
discharge plasma to this inter-electrode discharge field 

[Claim 2] A manufacturing installation of the carbon structure according to claim 1 to which discharge 
plasma generated by said discharge field is characterized by being an arc plasma. 
[Claim 3] A manufacturing installation of the carbon structure according to claim 1 or 2 characterized by 
for said magnetic field generating means consisting of two or more permanent magnets and/or 
electromagnets which have been arranged so that said discharge field may be surrounded along a 
travelling direction of said discharge current, and for all these permanent magnets and/or electromagnets 
making the same pole counter said discharge field, and being arranged. 

[Claim 4] A manufacturing installation of the carbon structure according to claim 1 or 2 characterized by 
for said magnetic field generating means consisting of four or more permanent magnets and/or 
electromagnets which have been arranged so that said discharge field may be surrounded along a 
travelling direction of said discharge current, and for an adjacent permanent magnet and/or an adjacent 
electromagnet making a different pole by turns counter said discharge field, and arranging them. [ even ] . 

[Claim 5] A manufacturing installation of the carbon structure according to claim 1 or 2 characterized by 
said magnetic field generating means consisting of one or two coils which make a travelling direction of 
said discharge current an abbreviation medial axis. 

[Claim 6] A manufacturing installation of the carbon structure given in any 1 of claims 1-5 to which flux 
density in the latest section edge of an electrode made to generate discharge plasma between said two 
electrodes which counters is characterized by being less than [ more than 10-5T1T ]. 
[Claim 7] A manufacturing installation of the carbon structure given in any 1 of claims 1-6 to which 
discharge current density at the time of discharge plasma production is characterized by being less than 
[ more than 0.05A/mm21 5A/mm2 ] to the latest aspect product of an electrode which generates 
discharge plasma. 

[Claim 8] A manufacturing installation of the carbon structure given in any 1 of claims 1-7 to which 
voltage impressed to said electrode according to said power supply is characterized by being less than 
[more than 1V30V ]. 

[Claim 9] A manufacturing installation of the carbon structure given in any 1 of claims 1 -8 to which 
voltage impressed to said electrode according to said power supply is characterized by being direct 
current voltage. 

[Claim 10] A manufacturing installation of the carbon structure according to claim 9 to which the latest 
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aspect product of cathode is characterized by being below the latest aspect product of an anode plate 
between said two electrodes which counters. 

[Claim U] A manufacturing installation of the carbon structure given in any 1 of claims 1-10 
characterized by coming to hold said discharge field and said electrode in a well-closed container at 
least. 

[Claim 12] A manufacturing installation of the carbon structure according to claim 1 1 characterized by 

coming to have a controlled atmosphere means by which a pressure and/or a type of gas of an ambient 

atmosphere in said well-closed container can be adjusted. . . 

[Claim 13] Construction material of said electrode contains carbon or carbon, and the electrical 

resistivity is the manufacturing installation of 0.01 or more ohm-cm of matter of 10 or less ohm-cm, and 

the carbon structure given in any 1 of claims 1-12 which come out and are characterized by a certain 

thing. 

[Claim 14] A manufacture method of the carbon structure which is the manufacture method of the 
carbon structure which said inter-electrode discharge field is made to generate discharge plasma, and 
manufactures the carbon structure by impressing voltage to inter-electrode [ which the latest section 
counters / two ], and is characterized by to form in a generation field of said discharge plasma at least a 
magnetic field which has line of magnetic force of the many directions, or a magnetic field which has an 
parallel component to a travelling direction of the discharge current. 

[Claim 15] A manufacture method of the carbon structure according to claim 14 that discharge plasma 
generated by said discharge field is characterized by being an arc plasma. 

[Claim 16] A manufacture method of the carbon structure according to claim 14 or 15 characterized by 
forming said magnetic field because all make the same pole counter said discharge field and arrange two 
or more permanent magnets and/or electromagnets so that said discharge field may be surrounded along 
a travelling direction of said discharge current. 

[Claim 17] A manufacture method of the carbon structure according to claim 14 or 15 characterized by 
forming said magnetic field because adjacent things make a different pole by turns counter said 
discharge field and they arrange two or more permanent magnets and/or electromagnets so that said 
discharge field may be surrounded along a travelling direction of said discharge current. 
[Claim 18] A manufacture method of the carbon structure according to claim 14 or 15 characterized by 
forming said magnetic field by arranging one or two coils which make a travelling direction of said 
discharge current an abbreviation medial axis. 

[Claim 19] A manufacture method of the carbon structure given in any 1 of claims 14-18 to which flux 
density in the latest section edge of an electrode made to generate discharge plasma between said two 
electrodes which counters is characterized by being less than [ more than 10-5T1T ]. 
[Claim 20] A manufacture method of the carbon structure given in any 1 of claims 14-19 to which 
discharge current density at the time of discharge plasma production is characterized by being less than 
[ more than 0.05A/mm215A/mm2 ] to the. latest aspect product of an electrode which generates 
discharge plasma. 

[Claim 21] A manufacture method of the carbon structure given in any 1 of claims 14-20 to which 
voltage impressed to said electrode is characterized by being less than [ more than 1 V30V ]. 
[Claim 22] A manufacture method of the carbon structure given in any 1 of claims 14-21 to which 
voltage impressed to said electrode is characterized by being direct current voltage. 
[Claim 23] A manufacture method of the carbon structure according to claim 22 that the latest aspect 
product of cathode is characterized by being below the latest aspect product of an anode plate between 
said two electrodes which counters. 

[Claim 24] A manufacture method of the carbon structure given in any 1 of claims 14-23 to which 
construction material of said electrode is matter containing carbon or carbon, and the electrical 
resistivity is characterized by 0.01 or more ohm-cm being 10 or less ohm-cm. 
[Claim 25] A manufacture method of the carbon structure given in any 1 of claims 14-24 to which a 
pressure of an ambient atmosphere of said discharge field is characterized by O.OlPa or more being 510 
orlesskPa. . 
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[Claim 26] A manufacture method of the carbon structure given in any 1 of claims 14-25 characterized 
by being the gas ambient atmosphere in which an ambient atmosphere of said discharge field contains 
gas of at least 1 chosen from air, helium, an argon, a xenon, neon, nitrogen, and hydrogen, 
[Claim 27] A manufacture method of the carbon structure given in any 1 of claims 14-26 characterized 
by including gas which consists of carbon-containing meterial fiirtfier in an ambient atmosphere of said 
discharge field. 



[Translation done.] 
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♦ NOTICES ♦ 

Japan Patent Office is not responsible for any 
damages caused by the use of t^is translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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40 2 0-2 3A^e)mife»«®«f;:(6)ttTa»t$nf)iS;/j«S 

[0 0 54] t^lCDckptc:. 02 (a) 43<fcU:E2 
(b) lZ^-rS6fiHcJ:n«. A-C^NSn2)M«lC^;5l6] 
roi8#*<f^fflL. ^K«iiaAF«qTtt«:/7XV$^jES-r 

n«. H9f5Mm7'7Xvi'0?^m^©jiiii*t. i^gi 
1-^ffii 2ffis/yj(DSgpB']rttc«a!i$nst)«t}t!£S 
tii. z(o^^\zbxmmmwim.mn\i. 5f««) 

50 iS3x h-c^^r^^LtTj^res. 
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(0 0 5 5] co)mm<Dm(Dmmi, *^is5€fflsc 

V>T«. fiii]A«3(S^5lieA±«¥®*^ja5€fflV» 
IKS«)|@Sc«)±fSJcfSO«ilV^. 3^13. 02 (a) »C 

*5t^Ttt. sffi£iWte«[^iii«ic5tti6is-e-Tieisrs!i 
«i:Lt;5t. ±xf)m-mv&rnirmm< . tut) 

(0 0 5 6 ] m-n rK0^c>*^S5*5. 325(cR/j: 
(0 0 5 7 ] ±iE, 0fSC)a3J©ro®«ffi^«-e-CO<i»fis) 

(0 0 5 8] mi&^n^m'^<DmiM0®o^mmz-:>i.^x 
ttiox, M[n:^yx^'p<D^mML'F<Dmmt)mtimz 

6ti*m«52 son-f ;P2 6 izi^E^maLftmzm 
^in^m:hm(DiKWi^mt^w.mx$>f), 03 (b) 

ti. ^mzLX^'btltzmB^ZS a. 2 8bS:l^lfi± 
(c8iM$ti-TESL. &n©ft2 4a. 2 4b(C#tO 
H-6nfcn-f;i^2 6 a, 2 6 b lcmE^BlJDL/il^l:i& 

(0 0 5 9] 03 (a) (Dmrnizat^^xit. mtm^p] 

^(^2 4(^)|*Igi5-CSim:/7XVS4B£$-t+. AO. ntij 
«:2 4rtS5(D®^i^a)|filg<i:. g38a»m«ffiOjlff::^(«n 

saff-iS:S-a-5c:(!:T. &m-/yx^^m^'pizmc 
(0 0 6 0] 03 (b) o)t&mzin,^x\i. m:hmm 



(7) 

12 

®flE2 4a. 2 4b-en-£-'noi*jgs*gji-rsttii<i:a 
^tmiz, m%<D!s\mz^0imfs/>tmf&irii. 

mmt, nti*^2 4a, 2 4 b-^n-enrortSK^RiiL 

r<-gB«iS;^i^fiR|gi{4:2 4 a, 2 4blS«Sra 
OiO. R®*|c2 4 a, 24b 

rnW^miza^^xit. m^nomtimcDi^ttioxi^ 

RiS[ft:24a. 2 4 bPBl©^ralTSS:m:/7X-7$4 
10 jsajS-ar. j5o. RlBSft:2 4a. 2 4 bK<0SWO«:^iS 

tx, ^m:f7X'7&m^<p\zmczibiztf}ixt^ 

(0 0 6 1] Rt8i^2 4f*^gB. tftU. Rfi^^^2 4 a. 

2 4bK(D^m<,zmmtim0\^tt. ms.nnnm 

° ~3 0° W^Ht-rsCiiAWSK. 0*~10' 

(0 0 6 2] mm^mm<nmnyjs^fiimtim^ 

Ofpt^t^^lzSiiibUKXt, ft«:/9X-7«:i8« 

'L>m^i$>tioizmtzofztz^xnm:^yx^&±m 

iit^t. Silly 7Xv<0iliHt*<M/it>nsfc». 
^(D'p'bmA^i rRi8jft:2 4|*lBj Sfcfi rR19iflc2 4 
• a, 2 4bf*?EOSftj ST?(OElllfC*fLT> 2 0%!il 

(De:M<Dmi:m.^tlXMim:fyX-7f)i±IiS.t^ti 

■feir>T«. jttip]-rs2o©msros5fe®ffi<o*-c»i^±$ 

(0 0 6 3] ±fe. R)r^(^fi8«ro(i)roSgfil<0-e-roffi(DC3| 
40 (0 0 6 4] &«7'7X-7CDS!S<i:LTtt. 7-i7 7'7 

XV. i^D-7'7Xvi?7ii^tfe>n5rt^ ^ibm&<yy 
(00 6 5] '^^z, 0 1 (c^-ri^i^fi;iSft:<oa)§iiBic 

so J:^^i^mi&»(n&mmiZ':3\,^XI!l^t^. igf£;S8g 
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[00 66] 1 0 tCtt. a5fe^BB**Ml6]T« 

c:a)tt. S*£;$85 1 0 
•r««^»r«. S^S^gll OtHfffil l43J:tXliffil 2 

■^comSll, 1 2CiKga:UT(i, ill (a) IC^T 

<»:-r§»i*>. 20<n%mil, 1 2®ttC0f5t®ftaS; 

1 (a) lC.T^$n5M#(75tetll<i:1-«ri:;5^atLl.H 
[0067] US 11. 12 CDieSfi. 1 1 tWM 

Bfc;5«-Ct5. 2orom)®ll, 12cD«Mi:LT«, ^ 

0 IQ • cma±l OQ • cmfitT (Jf^Ktt. 0. 

0 1 Q • c mE;± 1 Q • c miJlT) ro!Kl«t?**l«»ji 

[0 0 6 8] 20©«ffil 1, 1 2<0JgtttUTtt. 1# 
\Zimttl^^(l>-Q\tU.< , RiSiJg. ftlSJe. «^Rii 

«ai 1. 1 2 coS5fel?8BI5cOiES (®5fe«SgKA<RJ^T^ 

[0 0 6 9) WlPlf 5 2-P®«ffil 1, l2(Dot>,(^ 
IS 1 1 lOSjtiSiSSiSII;!)^ Il« 1 2 (OS^t^KgiSii^t^T 

T*-s::i:;><ss Li\ mm I i(o®5t«eBffiia$^ffi 

1 2(Og5feSiiig6iB«tATi:TSC:<!:-C. ^^Sn^i^j^WI 
jg<*OiffiS?><J;0-S|S]±-r«. M#©Sffllt (IKffil 
1 rogJfe^ggEfg/^Si 1 2 (7)®5t;fflgBra) tUT 
«. 0. 1~0. Qtt^^tt)WiL<.- 0. 2~ 
0. 5<!:■r'5C<!:/)<cl:0^f*L^». 

[0 0 7 0] »mS$i£S-ti:«>fc«>JC. Hffill. 12 

ail. 1 2$*?ftLfei>i©^tc(i. m-ffiii, 120 

[0 0 7 1] «2;J?>:^1 4. ^yt,:f.>^L 7. ^At 



(8) 

1 5tij^w<)\^:^i 9f}^itjii>nm%mm^^i'Z^o. 

T'l 4lcJ;0R{£:§g|l Of^^i^IESyjittJjDffi-r^iCi: 
A<-Ct. K2g5}t>7'l 4lZj:0S(eSgSl OrtSMEL 

X#>^1 7;5^6«A'gl 5 &^>UTSSJ§gg 1 0 f«q(I 

i. ±fs.&f)^ry^%o)ns%tr^m^iz\t. 

(0 0 7 2 ]'K^j)^>yi 4<!:LT«. □-:?'J-^> 

[0 0 7 3 ] Kft^s 1 0 f^onm^ itf£t>*>. 
mi$.ona%. eiTmrn, ) ®E:^<i:LT«. o. oi 

PaiJt±5 1 OkPaUTT*n«cfc 0. IPa 
K(.±l 0 5 kPattTT^SdiAWtK. 13 Pa 

ei^±7 0 kP atilT-C^SCliiTJ^ctOJftLli. ;5»;5>?> 

-5. 

[0 0 7 4] SfP^Sgi ort<D#lim;yx«. #fCSilK 
$n?sv»*^ ^ijOA, 7}Vd>. +-fey>. * 

4TKJ£:^S1 Orta5*#mL> -E-^S. msgWffi;^* 
T^ao;^;^ *iRST-5^X!l< 1 7 6 X A 

30 [0 0 7 5] *f!?^{C*it.»Ttt. SJS^SI 1 0 rtW»H 

:/«:f.L>tt<l:U. ^Oizmm<Dmi&»f)^^^Lfth<r>-Q 
« [0 0 7 6] ffiffl'BIilg/S^i^l^l^lRiiLTli. fSitsn 

m ; ^V'J >3a ; -ffiib^^. r:ffifbj^ig^wii«ill9 ; 
[0 0 7 7] Ii85i^%4? iSt LT<0*AiS5 2 0 ~ 2 3 
50 Srfflt»Tfcfll|t>/il/^. JB^-r-SRlfit^e^tLTtt. R 
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IS 

1 ®81»:*3V>Ttt, il2© (a) (b) 0 28 

(0 0 7 8} sfe. Be!ct^pir^(ommzii\^^x\i, w 
i^mmmzm^m:hm'^'^z, nmii. 1 2 oil 
(-r^tt)^. ®si 1, 1 2ratzjg^sns««ims5« 

(b) .fcOfc (a) iZ^tmiSi(D:^/im^b^\ 
*<r^Ttt. 0 2 (a) cOffiEtU/i. 

(0 0 7 9] &.±<DiiotzmAm^^nrcmi<Dm 
mm»<r>mm^&\zii\>^x. nmisiz^o^mi 1. 

1 2rB'\izmE.^mm-r^z.tx. mmi^i 1, 1 2?^\z 

it, 7-i7i&mz9ciL*>, 3yifip\^7-i79^m^'ti-D 
Tt>J:ir». ^>ifi;V7~{;9mt\i, mffiii. 12 

1 3»CJ;0-3e©«ffifc1llBISTmi£l 1. 1 2^lliL 
ens. 

(0080] mis 11, 12 rp^tcBisnrsmcEtt. it»s 

35DSS:Sl»D-r5«^{wtt. mffil 1. 1 2(ClSffi- 

(0 0 8 1 ] Mm:?'7XT4^^«7)S(mm«t^s*<. Sfc 

0.05 A/min2ei± 1 5 A/mmZ^T-e^S C 
«F$L<. 1 A/mm2U;l±5A/mm2EilTT*'5C:t 

(0 0 8 2] mini siCcfcomsi i . 1 2 (caijn-rs 

mEtUTtt. 1 V«±3 0V£ilTr»5Ct75<ff^U 

<. 1 5 VW±2 5 V£;^TT*5C:<»:/)<<i;0JfSL</>o 

iamiccto. mffii 2ro5t«3g8;)nH»snTi/K«T. 
sscmftcmffiii, 1 2raEi?i*<^{fr-5. daLtm 

Sll. 1 2P8l!lBit^S:(kS-^S)S®l 3lcJ:03il:5ll 

fii-rsciCcto. mffil 1. 1 2MmffiA<-s(c/j:5 

[0 0 8 3] mEC^81»l8liLTIi. 3fJ'«±18 0 
8>WTi:rsc:i75<»St<. $^^±6 0t^^^^T^:■r 
5C<!:A<«^: 0»*L.I.». 3|l»*iiT(l. EPJpmEA<$^ 

0. 1 8 OJP^rSSASt, SJm^'^XTO^i^t^ftUckO 
*Mi62 0-2 3«)a«^aA<{STT-6. «-6V»tt. 
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(0 0 8 4] n^<nmmziin^mM.m^tLT\i, n 

(6)t*2O0mSl 1. 1 2 0^-&. JfclT'^XvS:^ 
4$tt^.mffia)©5feJggB»iffllCfeV»T. 10-5Ta±l 

mpii>t, afirtgf»c«#^j«±$-t+^.*^\K52 o~ 

2 3 Sr&m^'^Xvro^fefiemiSSJC^rjLTifiSSti-TEg 
*^*^?.!a^3?ffitLT(a. 1 0-4TEil±l 0-2t 

(0 0 8 5] W±(7)i:^icmffil 1. 12Klr&m7'7 

XTS:±fie$-B-*i. miii i«®;!i^eB?3iirt<sia«t. 

(0 0 8 6 ] 12141:11181 i(D&^}^&^m\zmmvt: 
fi-if^y-r J ^3.-^\z':>ux, ^SEMm^siSi^-em 
?SLfc»frai^^X«:^l- ({^$5 0 0 0^) , 
9«Bj^9ll». %^(;)lliS0i|llZ«l^Tffi!^(^/^%SI8 
(US) lC*3ltS^ffi$^^tfc*)<DT*S. ti 

XlCfct,»Tl^fil) , ia4 0^K(C;feliT«. TA^^Sl 
lOg^tSffiSR T*i9. l.fj^\z-h-it^y 

(0 0 8 7] *»?qro^3g«lit«:©SljtgS^tV^tS!ji 

T. &t^mziiii^&ofi-Tti>i-y "^sL-zr^n^tzto 

(0 0 8 8] W±roj:afC*3e?^CJ:n«. S|jfi*<Sa 

•c;5ofg3x h?i7-i'j{[m^coa:ia7'7X-7ffis-ffli,^ 

S. 

(0 0 8 9 J 

*«?^«cn6SJS0iifcS'iiEsn«t)<ciTtt7i 
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{^mm 1 ) i »c*3t>Tfi. m i \z7r^t&L%m'^ 

(0 0 9 0] -SfP^Sl 0 : Xf->^XSaOF)®^ 
ag^'r WN'-. Bg 2 1 0 mm. 3 8 0 mm, 

•Itffill: nS5mm(DniB5»4^7 7 7'f h» (« 
g9 9. 9%W,±) 

•Ml 2: ngl 5mmOR®Jgi^7 7 7'r K» 
(i^a9 9. 9%a±) 

l$"Iii!i^It6i:Lfet)C0, T'^X^&m^ftffil 
1, 1 2[igi&-3£lC»C)i^(C6SS. 
' QiH I 8 : iS^ffittii 

•*^i.fi852 0~2 3 : JSf 1 0 0 mm. ^ 1 0 0 m 
m. ;p$8mm, 7xy-i h«Si*^iB54 -9$. 02 

Sglitil 0 8mm. 1 (035tig§{/ikjilllC:b(t-&<S 
^^a(i7mT, 

(0 0 9 1 ] U^±OSiigS&fflt^T. iJ—!)S>i-/^ 
a-t^^SSifiLfc. SJ«:$S1 OrtfiWffi-e-r. 10 20 

1. 3 2 5 kPa (latE) W^mT-mf^^fro/S:. « 

Mil. 1 2mz7-^nm^nofzti>. iicmi3> 
i'^hT-i^mm^m^ ^mmftb'^, mmii: 12 

ftlSO. 5mm~3mmgaiaiUfe. ^21 1 8 t^ckOBJ 
T. ^'Jl^JWJ-i'fea^ff-^fe. «iiit(iti4 0 AT* 

2. 0 A/mm^T^^jy^i, 

[0 0 9 2] itm 1 ^miUL. ^0^^^ 

j£SS!«i^m^SlgtCJ;0. i^<}3mmx SmmfcCD® 
[0 0 9 3] mSl KOftJtagB^EIIfcltS, ±12^3 

mmmwM^, 05(w^-r ((i^$2 00 00(g) . 0 

9%U±-C$)^ZtMt>i}^orz. fiH. |5tifro$0<. d 

(Dttommmse^Mii^ m4izf!kt&Dv$>^. 

[0 0 9 4] (tk^esiU ^JEfiajKCfetiT. *XfiBl5 
2 0 ~ 2 3 SSeSttr . a«$JgfiKL;S7J»-pfec:<i:W^ 

[0 0 9 5] ^mm 1 ti^^n LT. ms 1 1 
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tztz.^. ij—!f'->i-j93.-y\misi>xmffii'=i^zbf>^ 

[0 0 9 6] ^Sl l<0»5feiSgB«ffitC*5(t*. 
- * > :h / 5^ :i - y A< ± fiE T L ^ -5 ^flf W/i O^SE 

Mmi^raMJgi^^ss. 0 6 \zfr^-r {\m 20000 

S43 J: tJCiRS^S** 5 W T a6 ^ fc. 
[0 0 9 7] (^iS«S| 2 ) 1 tr fe(r»T. 

2 0~2 3(OE§?:S2 (b) iC^fcfc^lC LfcC:i:B( 

[0 0 9 8] iJ[«^. ^ig0i|l tl^^llUT. mil 1 

[0 0 9 91 iroffi?c!fflgBSffil:*3tt^. ±titl 

-t->i- y ^j.-:/Ai±is.bx^^^m>$.(r)M^mn^m 
ummm^M^, Ei7(C/T^t- ((g*2oooofg) , m 

■/ 1 4 TSftSgg 10l*3^53kPa ^X^^IiLtiZt 
xmmi>. *-5}^>:^/5^a-:rwS!liiSfTofc. 

(01013 &mm, mmm 1 tw\m^z ut. it^ 1 1 

tztz.^. m2mmmijh<i>m^^^mz, SffiS®*- 

(0 10 21 Bilii irog$fe)fflgl5Sffi(ci5t:fs. ±?e* 
> t y ^ a - U T t ^ * ^ia<0^2i!lli^® 

^^^j^¥X$. 08(C^-r (fg$2 0 0 0 0{g) . @ 

8co*SMm^^i)S^m^«A>e.. *-5j^>:>-yf^a 

(01031 (^iS0i)4) USSfiSlltrJoi^^T, «^;«> 
^1 4TSJj;Sg|l 0(^(D?SaS:«^§tU. fiT.'f.y^l 

7f>^i^mm?<Lx. E.ij5 ikp a(Dmmnm%t 

Lfzctu9^\i. mmmi t±xmm<Di&m^m<^K m 

it. 

[0 10 4] mmm, iiMpiji ti^^i^uT. mmi 1 
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tztZ^. *?)2mmlZS:^^)(D|2:uffl«(C. j^mstot)- 

(0 10 5] mm I iro®5ti®e?SEtw*3tt5. ±3e/j 

{SSaji&¥K&, 09(:^t «S^2 0 0 0 0f&) , M 

[0 10 6J i^mm) SMfiW 1 lCfet,»T. K^s)?> 
7A^e.7-feh>&^AL.T. E:^J40 kPaC07-bh> 

/to 

[0107] mm^. nmm i ^i^sitc lt. it® 1 1 

{0 10 8] ^ffil l«g5tiffigB^ffitC*5tt5. ±12^ 

ji*. 01 o»c^-r mmio o o ofs) . 01 o©js 

(0109] 6 ) ^SSC») (r^T. *^\«5 

2 0~2 3Of^t)0tC. 12 3 (b) (Cj^rf^^KlcSBiHl. 
/5:R©J&«*^K52C&. -e-n^'ntilil 1, 12© 

mm I 1 roft3tJS!S5i&«Sl3*3lt5ia«^Stt 1 8mT-e 

(0 110] nmntmizLx, mmi 1 

fztC^. 1. 2mmx 3 0 0wmO^^»C, JSffiS® 

* - # >-t y 9^ a - :/;)<±fi)c b T I. ^ t . 

(0 111] mmi KDm^i^^nmzm^. ±i£:h 

mmtm^m^. m 1 1 tc^-r (fs* 1 0 0 0 0 ^) . 
mi i(Djk^mn=f'mmmsi^mf)^<o. i^-it^y-yj 

[0 112] 



(11) 

Tjm\z^m^<'&^7.vx'^m- 
*3it;saii:^ffi(i. ^(r)mmm^xh^\zhm-^ti<b 
(ia®(offlWc£sKB«] 

«»J$jK-rEITSO. (a) liM^tWEilTfe?). (b) 
10 tt (a) IC*Jlt«A-A»fBiaT«5. 

[02] ia2tt, ill (b) fCfcltS*^^S5(COt> 

(a) tt*^fia52 0~2 3©^T*^ Sg^iiSKftH 

(b) ;iB«o^^*x«5/)<. ^mzm^m^mn^ 
mzn\^mrs.mi-ttrc^m^7r^tmx$>^. 

\^izmmitiftmttj.i,i&^&n<Dmmi:7Ptmx 

to *0. (a) \im&15<D:n-^.Mzmi£'S:Wm\^ftmzm 

is.^ti^mi]m<^^m'S:7!it?m'^x$>'o . (b) «. 
izme.^mai^tzmzm^^n^mti^(Dit)im^7nrm 

[04] «igfis| 1 |-:feV^T, i5SWM5ti«SfB^®tC« 

mxmmLtzmmmsi^M ((s^ : 5 0 0 ofg) -c* 

-5. 

^^muf-mmmmn (.m 2 0 0 0 om) t« 

(a 6 ] ttmi 1 fCJS^^T. mffi®®jfe«8g5SB{c*3 
Its. ±iE*-3l<>:^y^a-7'*<4^LTt»S®««) 
:£«S>m?^i»^S^¥S : 2 0 0 0 0{§) T% 

[0 7 ] «Jgfisj 2 iciit^T. liffirofiJtJSasgiStc*} 

^^i!15^ffi««M»^» : 2 0 0 0 0») T* 

40 S. 

[08] llj&0il3ic4oi>T. mffi(0fi$^«§i:ss{::4!> 

j£iEM«^ffiiiSSjilg^K (fS¥ : 2 0 0 0 Ofg) T« 
(0 9] ?li6«3|4lzfct>T. mffi©®5tSSS8i5«iitC*5 

MMmm=f-mmmmBw-n (fs^ : 2 0 0 0 0 ©) -c* 
5. • 

50 tHi^. ±.?it-t^>i-/9-a.-yi>i±0SiLXi'^^^m 
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o^itmu=i'mmmn ifsm-. i o o o ois) t 
mil] ^mmeizuf'^r. ■^mom^ct^^&mz 
'o^^mmf-m^mm^^M mm : 2 o o o o fg) t 

10 SfS^S 

1 1 Its mm 

1 2 !Si& 

mi] 
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1 3 ^ffilSg 

1 5 ^A^ 
1 7 ;/^7,;J^>'>C 
1 8 miH 

1 9 /NVl/^ 

2 0 ~ 2 3 *^ES5 

24. 24a, 24b RfSflc 
2 6. 2 6 a. 2 6b ^'f^U 
10 28. 28a. 28b mBB 

m2] 
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me] 
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(15) 
[0 7] 




m8] 

'Mm 3 
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(16) 



m9] 




nmms 



[HI 0] 




m)mM^- lEBB F^'-A(##) 4G046 CC06 CC09 
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